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CLOUD-EDGE-END COOPERATIVE
CONTROL METHOD OF 5G NETWORKED
UNMANNED AERIAL VEHICLE FOR
SECURITY RESCUE

TECHNICAL FIELD

The present invention relates to the technical field of
unmanned aerial vehicles (UAV), and in particular, to a
cloud-edge-end cooperative control method of a 5G net-
worked UAV for security rescue.

BACKGROUND

At present, UAVs used in the field of security rescue are
mainly controlled manually via remote controllers, and most
of data transmission and 1image transmission systems of the
UAVs use 2.4 G/35.8 G wireless frequency bands or a
fourth-generation mobile information technology (4G) for
communication. There 1s a problem of limited control dis-
tance, which restricts a flight range of a UAV to a great
extent, and reduces a success rate of remote detection or
rescue missions performed by the UAV.

For security rescue missions, the video return definition of
the UAV 1s a very important auxiliary element, so that a lot
of business needs such as intelligent video analysis, path
planning, map building and the like require very fast and
accurate computing power. In addition, the current main-
stream GPS positioning precision 1s controlled at the meter
level. In practical application such as complex terrain detec-
tion, 1gnition point detection, and precise delivery of goods
and materials, the meter-level precision cannot meet the
needs of users to the greatest extent. Moreover, slam (posi-
tiomng and map buwlding) 1s an 1mportant technology for
UAV-based positioning, navigation, and map building. How-
ever, 1n all solutions 1n the market, the entire step of slam
algorithm computation 1s completed by equipping a UAV
with a high-performance embedded chip, which causes high
price and high power consumption. If video analysis or data
computation 1s carried out on a UAV side, computing power
on the UAV side 1s greatly consumed, a UAV needs to be
equipped with an expensive high-performance computing
platform, and power consumption of the UAV 1s increased.
If all computations are carried out on a cloud side, when
communicating with an application server deployed on a
public network, the UAV needs to take such a line of
UAV-wireless communication-base station-core network-
Internet-application server. As the base station, the core
network, and the Internet are still traditional optical fiber
infrastructures, there 1s a relatively large latency from the
base station to the Internet in the communication line,
ranging from tens of milliseconds to hundreds of millisec-
onds. For a UAV 1n flight, the latency may aflect the
real-time performance and precision 1n control and naviga-
tion, and make the data transmission cost high.

SUMMARY

To overcome the foregoing defects, an objective of the
present invention 1s to provide a cloud-edge-end cooperative
control method of a 5G networked UAV {for security rescue,
which can reduce not only the energy consumption of the
UAV but also the latency of data transmission.

To achieve this objective, the present invention adopts the
tollowing technical solutions: A cloud-edge-end cooperative
control method of a 3G networked UAV for security rescue
1s provided, including an 1mage acquisition step, a sparse
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landmark map building step, a three-dimensional dense map
building step, a UAV movement step, and a high-precision
semantic map building step, where

the UAV 1ncludes a single-chip microcomputer, a detec-
tion sensor, a control platform, and a driving mechanism,
where the control platform 1s 1n bidirectional communica-
tion connection with an edge cloud through 5G communi-
cation, and the edge cloud 1s 1n bidirectional communication
connection with a core cloud through 5G communication;

the sparse landmark map building step 1s: synchronously
performing, by the control platform, front-end feature point
matching, local map building and optimization, loopback
detection, and frame resolution on the image data, to gen-
crate a sparse landmark map;

the three-dimensional dense map building step 1s: acquir-
ing, by the edge cloud, depth information of each pixel point
based on a key frame pose and key frame observation data
of the sparse landmark map, and then performing depth
information recovery to generate a three-dimensional dense
map,

the high-precision semantic map building step is: per-
forming, by the core cloud, semantic segmentation based on
a deep learning MASK-RCNN framework according to the
three-dimensional dense map, to obtain a high-precision
semantic map; and

the UAV movement step 1s: adjusting, by the driving
mechanism, a pose of the UAV according to the three-
dimensional dense map or the high-precision semantic map.

For example, the method further includes a 4K live
streaming media step, where the UVA further includes a
video acquisition component;

the 4K live streaming media step 1s: firstly, acquiring, by
the video acquisition component, a real-time picture, per-
forming encoding and encapsulating to generate a primary
video, and pushing the primary video to the edge cloud;

then, preprocessing, by the edge cloud, the real-time
video to generate a preprocessed video, and transmitting the
preprocessed video to the core cloud; and

finally, extracting, by the core cloud, an emergency and
key video via big data analysis and a deep learning algo-
rithm, and transmitting the emergency and key video to a
disaster remote command terminal; and further transcoding,
by the core cloud, the preprocessed video, and performing
distribution and transmission to a live video output terminal.

It should be noted that, in the sparse landmark map
building step, the front-end feature point matching 1s:

firstly, extracting ORB feature points from the 1image data;

then, computing BOW {feature vectors of all the ORB
feature points ol a current frame of the image data, and
setting a feature point threshold value to match all the ORB
teature points of corresponding nodes between the current
frame and a previous frame to obtain a front-end matching
pair; and

finally, optimizing the front-end matching pair wvia
RANSAC to remove the ORB feature points which do not
meet the optimization requirements; and computing a pose
of the current frame by using the front-end matching pair to
perform a PNP algorithm, and re-positioning the UVA based
on the pose of the current frame when the UAV 1s lost 1n
tracking.

Optionally, in the sparse landmark map building step, the
local map building and optimization includes local optimi-
zation and local map building;

the local optimization 1s: when the ORB feature points are
enough, tracking a local map, and updating a local key frame
and the ORB feature points;
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then, finding a local matching pair from the local map for
the current frame, optimizing the current frame via pose
graph optimization, and updating statistical data of map
points; and

finally, screening for a key frame, and inserting the key
frame to provide the key frame for the local map building.

Specially, 1n the sparse landmark map building step, the
local map building 1s:

firstly, inserting a local key frame into a map;

secondly, removing a key frame from the map, which does
meet the observation requirements;

thirdly, performing local bundle adjustment-based map
optimization; and

finally, checking key frames of a local co-visibility graph
of a current key frame, and removing redundant local key
frames.

Preferably, 1n the local map building, a key frame, which
does not meet the observation requirements, 1n a current map
point 1s a key frame when the proportion of the current map
points observed by all key frames 1s less than 0.23, or a key
frame when the current map points are not observed for
more than two consecutive frames, or a key frame when the
current map points are not continuously observed for three
consecutive frames aiter being observed.

For example, 1 the sparse landmark map building step,
the loopback detection 1s:

firstly, computing an MIN_S as a reference value by using
the key frame of the co-visibility graph and the current key
frame, detecting candidate frames meeting the MIN_S from
a database, and then performing geometric verification on all
the candidate frames, where

the MIN_S 1s the lowest matching score of the BOW;

secondly, computing feature matching relationships
between the current key frame and the candidate frames,
setting the current key frame meeting a threshold condition
of the local matching pair as a candidate frame, and setting
a corresponding solution frame; and

finally, performing iterative solution relative motion on
the solution frame, performing re-projection matching
according to an iterative solution relative motion relation-
ship, and setting the candidate frame as a loopback frame
when a matching quantity meets a threshold condition of the
re-projection matching.

It should be noted that, in the sparse landmark map
building step, the frame resolution 1s:

firstly, terminating the bundle adjustment-based map opti-
mization, and updating the key frame of the co-visibility
graph corresponding to the current frame;

secondly, updating an attitude of the key frame of the
co-visibility graph by using an attitude of the current frame
estimated based on the loopback frame;

thirdly, according to the attitude information of the
updated key frame, correcting the current frame and the map
point corresponding to the key frame of the co-visibility
graph corresponding to the current frame, and updating the
key frame of the co-visibility graph corresponding to current
frame; and

finally, optimizing an essential graph, starting the bundle
adjustment-based map optimization again, updating the
poses of all the key frames, and continuously updating all
the map points by using the poses of the optimized key
frames to generate a sparse landmark map.

Optionally, 1n the three-dimensional dense map building
step, the depth mformation recovery 1s specially:

A: when a pose of a new key frame i1s generated, deter-
mimng a position of a projection point via epipolar line
search and block matching;
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B: computing a depth and uncertainty of a triangulated
position of the projection point according to a geometric
relationship; and

C: fusing a result of B with a previous depth information
recovery result to obtain recovered depth information, and
stopping computation when the recovered depth information
1s converged, or returning to B when the recovered depth
information 1s not converged.

Specially, in the high-precision semantic map building
step, the semantic segmentation 1s specially:

firstly, mputting the three-dimensional dense map 1nto a
pre-trained neural network to obtain a feature map;

secondly, presetting an ROI for each point in the feature
map and sending the ROI to an RPN network for binary
classification and BB regression, and filtering out some of
candidate ROIs to obtain a target ROI;

thirdly, matching the three-dimensional dense map with
pixels of the feature map, and then matching the feature map
with fixed features; and

finally, performing N-category classification, BB regres-
sion, and MASK generation on the target ROI.

The present mvention has the beneficial eflects that,
according to the cloud-edge-end cooperative control method
of a 3G networked UAV {for security rescue, a positioning
and trajectory attitude part with relatively high real-time
performance requirements and relatively simple computa-
tion 1s put mto a UAV body, so that the computing power
burden on a UAV side 1s reduced. A part needing GPU
acceleration-based dense depth estimation 1s put into the
edge cloud for computation, and a semantic map with object
labels 1s put mto the core cloud for building. The data
interaction of the processes 1s realized 1n combination with
the characteristics of large bandwidth and low latency of 3G
network slices.

According to the cloud-edge-end cooperative control
method of a 5G networked UAV for security rescue, a sparse
landmark point map with a relatively small computed quan-
tity 1s built based on a slam algorithm and put into the UAV
for operation, and then the obtained trajectory and landmark
points of the sparse landmark map are transmitted to a
nearest edge cloud (3G micro base station) through a 5G
network. The edge cloud 1s combined with the trajectory and
the landmark points of the sparse landmark map, the depth
of each pixel 1s restored via an epipolar line search and block
matching technology, and thus the three-dimensional dense
map 1s obtained.

In addition, the three-dimensional map 1s re-built based
on a visual slam algorithm, and video analysis and data
computation are performed the edge cloud. Acquired image
information can be utilized to the most extent on the premise
of relatively small dependence on sensors and relatively low
cost, so that positioning and map building are realized 1n the
process of movement. In addition, the UAV 1s helped to
perform accurate autonomous navigation and path planning,
which greatly reduces the cost of manpower.

The cloud-edge-end cooperative control method 1s used
when the UAV 1s remotely controlled. IT a security rescue
site needs ultra-low latency control to complete some opera-
tions with relatively high control latency requirements, a
user-edge cloud-UAV control method can be used, which
can reduce the latency to about several ms. I over-the-
horizon sensor data return and flight plan 1ssuance need to be
implemented, the UAV can be controlled remotely without
distance limitation under the condition of 3G coverage via
such loop communication of UAV-edge cloud-core cloud.

In navigation, positioning and mapping, the UAV trans-
mits 1mage information to the edge cloud, a part for building
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the three-dimensional dense map based on the slam algo-
rithm 1s deployed 1n the edge cloud, and a processed result
1s transmitted back to the control platform of the UAV
through 5@, thereby deploying a part with slam algorithm-
based complex computation 1n the edge cloud to reduce the
computing power and power consumption of the UAV. By
combining the characteristic of low latency of 5G with edge
computation, sensor information required for the slam algo-
rithm 1s transmitted to the edge cloud for processing. A
high-performance embedded processor can be deployed in
the edge cloud, so that the cost can be reduced, and the same

edge cloud can meet the computation needs of a plurality of
UAVs.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a schematic structural diagram according to an
embodiment of the present invention.

DETAILED DESCRIPTION

The following describes embodiments of the present
invention in detail. Examples of the embodiments of the
present invention are illustrated 1n the accompanying draw-
ings. Reference numerals which are the same or similar
throughout the accompanying drawings represent the same
or similar elements or elements with the same or similar
functions. The embodiments described below with reference
to the accompanying drawings are examples and used
merely to iterpret the present invention, rather than being
construed as limitations to the present invention.

The {following disclosure provides many diflerent
embodiments or examples of different structures for imple-
menting embodiments of the present invention. In order to
simplity the disclosure of embodiments of the present inven-
tion, components and arrangements of specific examples are
described below. Of course, they are merely examples and
are not mtended to limit the present invention. In addition,
embodiments of the present invention may repeat reference
numerals and/or reference letters 1n diflerent examples. Such
repetition 1s for the purpose of simplicity and clarity, and
does not by 1tself indicate a relationship between the various
embodiments and/or arrangements discussed.

As shown 1n FIG. 1, a cloud-edge-end cooperative control
method of a 5G networked UAV for security rescue mncludes
an 1mage acquisition step, a sparse landmark map building
step, a three-dimensional dense map building step, a UAV
movement step, and a high-precision semantic map building,
step;

the UAV includes a single-chip microcomputer, a detec-
tion sensor, a control platform, and a driving mechanism,
where the control platform 1s 1n bidirectional communica-
tion connection with an edge cloud through 5G communi-
cation, and the edge cloud 1s 1n bidirectional communication
connection with a core cloud through 3G communication;

the 1mage acquisition step 1s: performing, by the single-
chip microcomputer, attitude resolution on data acquired by
the detection sensor, to obtain 1mage data;

the sparse landmark map building step is: synchronously
performing, by the control platform, front-end feature point
matching, local map building and optimization, loopback
detection, and frame resolution on the image data, to gen-
crate a sparse landmark map;

the three-dimensional dense map building step 1s: acquir-
ing, by the edge cloud, depth information of each pixel point
based on a key frame pose and key frame observation data
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of the sparse landmark map, and then performing depth
information recovery to generate a three-dimensional dense
map,

the high-precision semantic map building step 1s: per-
forming, by the core cloud, semantic segmentation based on
a deep learning MASK-RCNN framework according to the
three-dimensional dense map, to obtain a high-precision
semantic map; and

the UAV movement step 1s: adjusting, by the drniving
mechanism, a pose of the UAV according to the three-
dimensional dense map or the high-precision semantic map.

According to the cloud-edge-end cooperative control
method of a 5G networked UAV for security rescue, a
positioning and trajectory attitude part with relatively high
real-time performance requirements and relatively simple
computation 1s put into a UAV body, so that the computing
power burden on a UAV side 1s reduced. A part needing GPU
acceleration-based dense depth estimation 1s put into the
edge cloud for computation. A semantic map with object
labels 1s put into the core cloud for building. The data
interaction of the processes 1s realized by combiming the
characteristics of large bandwidth and low latency of 5G
network slices.

According to the cloud-edge-end cooperative control
method of a 5G networked UAV {for security rescue, a sparse
landmark point map with a relatively small computed quan-
tity 1s built based on a slam algorithm and put 1into the UAV
for operation, and then the obtained trajectory and landmark
points of the sparse landmark map are transmitted to a
nearest edge cloud (5G micro base station) through a 5G
network. The edge cloud 1s combined with the trajectory and
the landmark points of the sparse landmark map, the depth
of each pixel is restored via an epipolar line search and block
matching technology, and thus the three-dimensional dense
map 1s obtained.

In addition, the three-dimensional map 1s re-built based
on a visual slam algorithm, and video analysis and data
computation are performed the edge cloud. Acquired image
information can be utilized to the most extent on the premise
of relatively small dependence on sensors and relatively low
cost, so that positioning and map building are realized in the
process of movement. In addition, the UAV 1s helped to
perform accurate autonomous navigation and path planning,
which greatly reduces the cost of manpower.

The cloud-edge-end cooperative control method 1s used
when the UAV 1s remotely controlled. If a security rescue
site needs ultra-low latency control to complete some opera-
tions with relatively high control latency requirements, a
user-edge cloud-UAV control method can be used, which
can reduce the latency to about several ms. I over-the-
horizon sensor data return and flight plan 1ssuance need to be
implemented, the UAV can be controlled remotely without
distance limitation under the condition of 5G coverage via
such loop communication as UAV-edge cloud-core cloud.

In navigation, positioning and mapping, the UAV trans-
mits 1mage mformation to the edge cloud, a part for building
the three-dimensional dense map based on the slam algo-
rithm 1s deployed in the edge cloud, and a processed result
1s transmitted back to the control platform of the UAV
through 5G, thereby deploying a part with slam algorithm-
based complex computation 1n the edge cloud to reduce the
computing power and power consumption of the UAV. By
combining the characteristic of low latency of 5G with edge
computation, sensor information required for the slam algo-
rithm 1s transmitted to the edge cloud for processing. A
high-performance embedded processor can be deployed in
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the edge cloud, so that the cost can be reduced, and the same
edge cloud can also meet the computation needs of a
plurality of UAVs.

The single-chip microcomputer as a core of a tlight
management system adopts PID, ADRC, LQR, MPC or
sliding mode control to control the stability of an airplane,
and the single-chip microcomputer 1s preferably STM32.
The detection sensor includes a barometer, a GPS, a com-
pass, an inertial measurement unit, and an altimeter. The
control platform as a core of audio and video encoding
includes Hisilicon h1i3519A and an SIM8200 5G module. A
5G communication function can be realized by carrying the
SIM8200 5G module.

The cloud-edge-end cooperative control method applies a
design though of cloud-edge-end cooperation, and widens
the boundary of cloud computation via edge computation to
realize the control of over-the-horizon. Compared with a
traditional remote controller control method, the control
method 1s to transmit data of the flight management system
to a Hisilicon hi3319A embedded board through a UAV
communication protocol. The data in the li3519A are
uploaded to an Internet of Things platform 1n the edge cloud
based on an MQT'T protocol. A user can select two diflerent
data 1nteraction modes of client-edge cloud-UAV or client-
core cloud-edge cloud-UAV as required.

In addition, a python application 1s created on the
h13519A through DroneKit, the data interaction between the
flight management system and the h13519A i1s realized based
on DroneKit-python, the programming access to the state
and parameter information of the UAV 1s completed, and the
running and operation of the UAV are directly controlled.
The commumnication between the hi3519A and an edge cloud
platform 1s realized based on the paho. Mqgtt and the MQT'T
protocol, and a client 1s established on a hi3519A end based
on Paho. Data interaction with an MQTT cloud server 1is
completed through the 5G module.

The method specifically includes the following steps:
firstly, calling a client. connect ( ) function, and connecting
the client. connect ( ) function to an Internet of Things
platform server in the edge cloud; secondly, reading and
writing data in a receiving cache area or data in a sending
cache area on a separate thread by using a client. loop_ start
( ) function, and calling a corresponding callback function;
thirdly, calling a mavutil. mavlink_connection ( ) function to
establish a mavlink protocol connection with the hi3519A
through a serial port; fourthly, calling a masterA recv_match
( ) function, setting the reception of a message of a specified
type (attitude, position, 1mu, accelerometer, etc.), and check-
ing whether the message 1s valid or not before attempting to
parse the message; and repeating the process, uploading the
data of the flight management system to the Internet of
Things platform in the edge cloud 1n real time, and receiving
a downlink control mstruction and a flight plan of the edge
cloud 1n real time.

MAVLink 1s a lightweight and mature communication
protocol for an aircrait, and can directly generate an MSG
code through a ready-made configuration tool. MQT'T (Mes-
sage Queuing Telemetry Transport) 1s a lightweight com-
munication protocol based on a publishing/subscribing
model, which 1s bwlt on a TCP/IP protocol. MQTT as a
communication protocol can provide a real-time and reliable
message service for a UAV with few codes and limited
bandwidth and can effectively improve the precision and the
real-time performance of control by being coupled with the
low-latency characteristic of 5G. MQT'T as an instant mes-
saging protocol with low overhead and low bandwidth
occupation runs on top of TCP and belongs to an application
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layer protocol. Therefore, MQTT can be used wherever a
TCP/IP protocol stack 1s supported. A 5G edge computation
cloud node can realize data interaction with a UAV only via
simple configuration. Similarly, the communication between
an edge cloud and a core cloud can also be realized through
an MQTT protocol, that 1s, 1n an environment covered with
a 5G signal, a user can control a UAV without distance
limitation, thus eflectively improving the efhiciency of res-
cue. More experienced control personnel can control air-
crafts to complete rescue tasks such as material delivery 1n
an ultra-remote manner.

Among a cloud, an edge, and an end, the end 1s a UAV,
and mainly acquires video data; the edge 1s an edge cloud.,
can be deployed 1n a 5G micro base station nearest to the
UAYV, and consists of a high-performance embedded device
(arm architecture) or a workstation (x86 architecture), the
5G micro base station 1s lightweight and can be deployed
quickly, and can be deployed on site during disaster rescue,
the edge cloud 1s used for facilitating on-site control of
UAVs 1n disaster areas, and since the latency 1s very low, two
devices do not need to communicate through the core cloud
within the coverage of the same base station; and the cloud
1s a core cloud and refers to a core network, the edge cloud
can control UAVs 1n any place of the country through the
core network, preferably Alicloud, and the core cloud 1s used
for data storage and further data processing.

In the sparse landmark map building step, a key frame can
be screened out from the image data, and then pose infor-
mation and feature point data are obtained from the key
frame through the geometric constraint of feature points,
where the pose information 1s a pose of the key frame of the
sparse landmark map, and the feature point data is obser-
vation data of the key frame of the sparse landmark map.
The key frame screening strategy specifically includes the
following steps: the key frame 1s inserted at an 1nterval of at
least 20 frames from the last time; when a local map building
thread 1s 1dle, or 20 frames have passed from the previous
key frame 1nsertion, 1f the key frame needs to be mnserted (20
frames have passed) but the local map building thread 1is
busy, a signal 1s sent to the local map building thread to stop
the local map optimization, so that a new key frame can be
processed 1n time; a current frame tracks at least 50 points,
to ensure the precision of tracking and positioning; and the
current frame tracks less than 90% of the map points to a
reference frame in the local map building to ensure a
significant visual change between the key frames.

According to some embodiments, a cloud-edge-end coop-
erative control method of a 5G networked unmanned aerial
vehicle (UAV) for security rescue further includes a 4K live
streaming media step, where the UVA further includes a
video acquisition component;

the 4K live streaming media step 1s: firstly, acquiring, by
the video acquisition component, a real-time picture, per-
forming encoding and encapsulating to generate a primary
video, and pushing the primary video to the edge cloud;

then, preprocessing, by the edge cloud, the real-time
video to generate a preprocessed video, and transmitting the
preprocessed video to the core cloud; and

finally, extracting, by the core cloud, an emergency and
key video via big data analysis and a deep learning algo-
rithm, and transmitting the emergency and key video to a
disaster remote command terminal; and further transcoding,
by the core cloud, the preprocessed video, and performing
distribution and transmission to a live video output terminal.

The steps are combined with large bandwidth of 5G and
a 4K streaming media technology, and combined with a
h13519A chip hardware encoding module and a streaming
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media server to realize a long-distance 4K video live video.
In the 4K live streaming media step, by mainly using the
characteristic of large bandwidth of 5G in combination with
encoding and decoding, encapsulating, a streaming media
protocol and other technologies, preprocessing 1s performed
through the edge cloud to reduce the pressure of the core
cloud.

The edge cloud preprocesses the video quickly, deletes
some redundant video data, and transmuts relatively valuable
video data to the core cloud. Personnel of a disaster remote
command center check emergency and key videos through
a disaster remote command terminal. People concerned
about an earthquake disaster can view a real-time 4K live
video of a disaster area through live video output terminals
on mobile phones or PCs.

The selection of the edge cloud may be diversified, and
the edge cloud may be a relatively fixed edge cloud 1n an
undamaged 5G base station nearest to the disaster area, or
may be a mobile edge cloud composed of small and mobile
high-performance embedded devices with 5G communica-
tion functions carried by rescue vehicles or personnel.
Because an area where an earthquake occurs 1s often diflicult
to predict, the mobile edge cloud can provide required
services and cloud computation functions for disaster rescue
nearby, thus creating a network service environment with
high performance, low latency and large bandwidth. In a 4K
live video system, video information acquired by a UAV can
be pushed to an optimal node through an edge computation
server, to ensure that rescue workers have access to the best
uplink network, reduce the latency caused via uplink trans-
mission, and reduce the computation pressure of the core
cloud at the same time.

After a lens optical signal acquired by a video acquisition
component 1s projected to a photosensitive area of a sensor,
the sensor registers a callback function to a 3A algorithm and
an ISP, the 3A algorithm registers a callback function to the
ISP, an ISP control umt dispatches an ISP basic algorithm
library and a 3A algorithm library to perform real-time
computation and corresponding control, and an 1mage of an
RGB spatial domain 1s output to an acquisition unit of the
video acquisition component.

Encoding 1s to perform compressed encoding on an
original video and original audio data to reduce the volume
of the video. Encoding 1s one of core links, and 1s also a link
that tests the performance of equipment most. The steps are
accelerated by a hardware decoder on the hi3519A. In the
steps, a compressed encoding mode of H264 1s applied, and
intra-frame prediction compression, inter-frame prediction
compression, integer discrete cosine transform (DCT),
CABAC compression and other methods are mainly used to
compress the video and eliminate the redundant data 1n the
spatial and temporal domains. The compressed frames are
mainly divided into an I frame, a P frame and a B frame. The
intra-frame compression algorithm 1s to generate the I frame,
and the inter-frame compression algorithm 1s to generate the
B frame and the P frame. In an H.264 benchmark class, only
the I and P frames are used to realize low latency.

Encoding 1s to perform compressed encoding on an
original video and original audio data to reduce the volume
of the video. Encoding 1s one of core links, and 1s also a link
that tests the performance of equipment most. The steps are
accelerated by a hardware decoder on the hi3519A. In the
steps, a compressed encoding mode of H264 1s applied, and
intra-frame prediction compression, inter-frame prediction
compression, integer discrete cosine transform (DCT),
CABAC compression and other methods are mainly used to
compress the video and eliminate the redundant data 1n the
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spatial and temporal domains. The compressed frames are
mainly divided into an I frame, a P frame and a B frame. The
intra-frame compression algorithm 1s to generate the I frame,
and the inter-frame compression algorithm 1s to generate the
B frame and the P frame. In an H.264 benchmark class, only
the I and P frames are used to realize low latency.

For example, 1n the sparse landmark map building step,
the front-end feature point matching 1s:

firstly, extracting ORB feature points from the image data;

then, computing BOW {feature vectors of all the ORB
feature points ol a current frame of the image data, and
setting a feature point threshold value to match all the ORB
feature points of corresponding nodes between the current
frame and a previous frame to obtain a front-end matching
pair; and

finally, optimizing the front-end matching pair wvia
RANSAC to remove the ORB {feature points which do not
meet the optimization requirements; and computing a pose
of the current frame by using the front-end matching pair to
perform a PNP algorithm, and re-positioning the UVA based
on the pose of the current frame when the UAV 1s lost 1n
tracking.

The feature point threshold value 1s that the Hamming
distance of two descriptors 1s less than twice the minimum
distance. RANSAC 1s an algorithm to compute mathemati-
cal model parameters of data by using a group of sample
data sets containing abnormal data to obtain eflective sample
data. The RANSAC algorithm 1s used in computer vision. A
PnP solution algorithm 1s to perform solution on external
parameters of a camera by using a minimized re-projection
error through a plurality of pairs of 3D and 2D matching
points under the condition that internal parameters of the
camera are known or unknown.

It should be noted that in the sparse landmark map
building step, the local map building and optimization
includes local optimization and local map building;

the local optimization 1s: when the ORB feature points are
enough, tracking a local map, and updating a local key frame
and the ORB feature points;

then, finding a local matching pair from the local map for
the current frame, optimizing the current frame via pose
graph optimization, and updating statistical data of map
points; and

finally, screening for a key frame, and inserting the key
frame to provide the key frame for the local map building.

When the number of the ORB feature points 1s more than
50, 1t means that the ORB feature points are enough.

The map points are maps composed of the ORB feature
points. The local map 1s obtained via local map building, the
key frame 1s selected from the current frame, the local key
frame includes key frames which share a co-visibility graph,
and the key frames of the co-visibility graph refer to key
frames for seeing the same landmark point.

Optionally, 1n the sparse landmark map building step, the
local map bulding 1s:

firstly, mserting a local key frame into a map;

secondly, removing a key frame from the map, which does
meet the observation requirements;

thirdly, performing local bundle adjustment-based map
optimization; and

finally, checking key frames of a local co-visibility graph
of a current key frame, and removing redundant local key
frames.

According to bundle adjustment, an attitude of the camera
and three-dimensional coordinates ol measurement points
are taken as unknown parameters, and coordinates of feature
points detected 1 an 1mage for forward intersection are
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taken as observation data, so as to obtain optimal camera
parameters and world point coordinates.

The local co-visibility graph 1s a graph that reflects a
relationship between frames. When the local co-visibility
graph 1s established, only the frames and keys are related.
The local co-visibility graph records a key frame that has the
most common map points with each key frame.

When a local key frame of a local map point has a
repetition rate of more than 90% 1n at least three other
frames, the local key frame 1s considered redundant and 1s
then eliminated.

Specifically, in the local map building, a key frame, which
does not meet the observation requirements, 1n a current map
point 1s a key frame when the proportion of the current map
points observed by all key frames 1s less than 0.25, or a key
frame when the current map points are not observed for
more than two consecutive frames, or a key frame when the
current map points are not continuously observed for three
consecutive frames after being observed.

When one of the three situations 1s reached, a correspond-
ing local key frame can be removed.

Preferably, 1n the sparse landmark map building step, the
loopback detection 1s:

firstly, computing an MIN_S as a reference value by using
the key frame of the co-visibility graph and the current key
frame, detecting candidate frames meeting the MIN_S from
a database, and then performing geometric verification on all
the candidate frames, where

the MIN_S 1s the lowest matching score of the BOW;

secondly, computing feature matching relationships
between the current key frame and the candidate frames,
setting the current key frame meeting a threshold condition
of the local matching pair as a candidate frame, and setting
a corresponding solution frame; and

finally, performing iterative solution relative motion on
the solution frame, performing re-projection matching
according to an 1iterative solution relative motion relation-
ship, and setting the candidate frame as a loopback frame
when a matching quantity meets a threshold condition of the
re-projection matching.

A threshold condition of a local matching pair 1s that the
number of matching points of the current key frames and the
candidate frames 1s more than 40. The purpose of the
re-projection matching in the steps 1s to find a better match-
ing pair, and a threshold of the re-projection matching 1s one
pixel.

In some embodiments, 1n the sparse landmark map build-
ing step, the frame resolution 1is:

firstly, terminating the bundle adjustment-based map opti-
mization, and updating the key frame of the co-visibility
graph corresponding to the current frame;

secondly, updating an attitude of the key frame of the
co-visibility graph by using an attitude of the current frame
estimated based on the loopback frame;

thirdly, according to the attitude information of the
updated key frame, correcting the current frame and the map
point corresponding to the key frame of the co-visibility
graph corresponding to the current frame, and updating the
key frame of the co-visibility graph corresponding to current
frame; and

finally, optimizing an essential graph, starting the bundle
adjustment-based map optimization again, updating the
poses of all the key frames, and continuously updating all
the map points by using the poses of the optimized key
frames to generate a sparse landmark map.

In the steps, map points corresponding to a current frame
and a key frame of the co-visibility graph of the current key
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are corrected according to the attitude information of the
updated key frame, and the current frame and the key frame
of the co-visibility graph are updated, so that it can be
ensured that the current frame establishes a relationship with
the loop frame.

For example, 1n the sparse landmark map building step,
the depth information recovery 1s specially:

A: when a pose of a new key frame 1s generated, deter-
mining a position of a projection point via epipolar line
search and block matching;

B: computing a depth and uncertainty of a triangulated
position of the projection point according to a geometric
relationship; and

C: fusing a result of B with a previous depth information
recovery result to obtain recovered depth information, and
stopping computation when the recovered depth information
1s converged, or returning to B when the recovered depth
information 1s not converged.

When the minmimum vaniance of the recovered depth
information 1s less than 0.1, it represents convergence.

It should be noted that in the high-precision semantic map
building step, the semantic segmentation 1s specifically:

firstly, mputting the three-dimensional dense map into a
pre-trained neural network to obtain a feature map;

secondly, presetting an ROI for each point in the feature
map and sending the ROI to an RPN network for binary
classification and BB regression, and filtering out some of
candidate ROIs to obtain a target ROI;

thirdly, matching the three-dimensional dense map with
pixels of the feature map, and then matching the feature map
with fixed features; and

finally, performing N-category classification, BB regres-
sion, and MASK generation on the target ROI.

The N-category classification 1s a multi-classification
method 1n deep learming; the BB regression 1s a method of
regression analysis between an imndependent variable and a
dependent variable; and the MASK 1s a mask and 1s a result
of semantic segmentation. In a scene requiring semantic
segmentation, an edge cloud uploads an obtained three-
dimensional dense map to a core cloud, and the core cloud
combines the semantic analysis and the slam result. The
UAV can not only obtain geometric structure information in
an environment, but also recognize independent individuals
in the environment, and obtain semantic information such as
their position, attitude and functional attributes, so as to cope
with complex scenes and complete more mtelligent tasks.

In the description of the specification, Reference to the
terms “one embodiment”, “some embodiments™, “illustra-
. “a specific example”, or

tive embodiments™, “an example”,
“some examples” means that a particular feature, structure,
material, or characteristic described in connection with the
embodiment or example 1s included 1n at least one embodi-
ment or example of the present invention. In the present
invention, exemplary expressions of the terms are not nec-
essarily referring to the same embodiment or example.
Moreover, the particular features, structures, materials, or
characteristics described may be combined in any suitable
manner in any one or more embodiments or examples
Although embodiments of the present invention have
been shown and described above, 1t 1s to be understood that
the embodiments are exemplary and not restrictive of the
present mvention, and the variations, modifications, substi-
tutions, and alterations on the embodiments can be made
thereto by those skilled in the art without departing from the

scope of the disclosure.
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What 1s claimed 1s:
1. A cloud-edge-end cooperative control method of a 5G
networked unmanned aerial vehicle (UAV) for security
rescue, wherein the 5G networked UAV comprises a single-
chip microcomputer, a detection sensor, a control platform,
and a driving mechamsm, wherein the control platform 1s 1n
bidirectional communication connection with an edge cloud
through 5G communication, and the edge cloud 1s 1 bidi-
rectional communication connection with a core cloud
through 5G communication, comprising: performing, by the
single-chip microcomputer, attitude resolution on data
acquired by the detection sensor, to obtain 1mage data;
synchronously performing, by the control platform, front-
end feature point matching, local map building and
optimization, loopback detection, and frame resolution
on the 1image data, to generate a sparse landmark map;

acquiring, by the edge cloud, depth information of each
pixel point based on a key frame pose and key frame
observation data of the sparse landmark map, and then
performing depth imnformation recovery to generate a
three-dimensional dense map;

performing, by the core cloud, semantic segmentation

based on a deep learning mask-regions with convolu-
tional neural network (MASK-RCNN) framework
according to the three-dimensional dense map, to
obtain a high-precision semantic map;

adjusting, by the driving mechanism, a pose of the UAV

according to the three-dimensional dense map or the
high-precision semantic map;

acquiring, by a video acquisition component of the 5G

networked UAYV, a real-time picture,

performing encoding and encapsulating to generate a

primary video, and pushing the primary video to the
edge cloud; preprocessing, by the edge cloud, the
real-time video to generate a preprocessed video, and
transmitting the preprocessed video to the core cloud;
and

extracting, by the core cloud, an emergency and key video

via big data analysis and a deep learning algorithm, and
transmitting the emergency and key video to a disaster
remote command terminal; and further transcoding, by
the core cloud, the preprocessed video, and performing
distribution and transmission to a live video output
terminal,

wherein the front-end feature point matching comprising:

extracting oriented fast and rotated brief (ORB) feature

points from the 1mage data;

computing bag-of-words (BOW) feature vectors of all the

ORB {feature points of a current frame of the image
data, and setting a feature point threshold value to
match all the ORB {feature points of corresponding
nodes between the current frame and a previous frame
to obtain a front-end matching pair; and

optimizing the {ront-end matching pair via random

sample consensus (RANSAC) to remove the ORB

feature points which do not meet the optimization

requirements; and computing a pose of the current

frame by using the front-end matching pair to perform

a perspective-n-point (PNP) algorithm, and re-position-

ing the UVA based on the pose of the current frame
when the UAV 1s lost in tracking.

2. The cloud-edge-end cooperative control method of a
SG networked UAV for security rescue according to claim 1,
wherein the local map building and optimization comprises:

when the ORB feature points are enough, tracking a local

map, and updating a local key frame and the ORB
feature points;
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finding a local matching pair from the local map for the
current frame, optimizing the current frame via pose
graph optimization, and updating statistical data of
map points; and

screening for a key frame, and mserting the key frame to

provide the key frame for the local map building.

3. The cloud-edge-end cooperative control method of a
5G networked UAV for security rescue according to claim 2,
wherein further comprising:

inserting a local key frame 1nto a map;

removing a key frame from the map, which does meet the

observation requirements;

performing local bundle adjustment-based map optimiza-

tion; and

checking key frames of a local co-visibility graph of a

current key frame, and removing redundant local key
frames.
4. The cloud-edge-end cooperative control method of a
5G networked UAV for security rescue according to claim 3,
wherein a to-be-removed key frame, which does not meet
the observation requirements, 1n a current map point 1s a key
frame when the proportion of the current map points
observed by all key frames is less than 0.25, or a key frame
when the current map points are not observed for more than
two consecutive frames, or a key frame when the current
map points are not continuously observed for three consecu-
tive frames after being observed.
5. The cloud-edge-end cooperative control method of a
SG networked UAV for security rescue according to claim 4,
further comprising;:
computing an min score (MIN_S) as a reference value by
using the key frame of the co-visibility graph and the
current key frame, detecting candidate frames meeting
the MIN_S from a database, and then performing
geometric verification on all the candidate frames,
wherein the MIN_S 1s the lowest matching score of the
BOW;

computing feature matching relationships between the
current key frame and the candidate frames, setting the
current key frame meeting a threshold condition of the
local matching pair as a candidate frame, and setting a
corresponding solution frame; and

performing iterative solution relative motion on the solu-

tion frame, performing re-projection matching accord-
ing to an iterative solution relative motion relationship,
and setting the candidate frame as a loopback frame
when a matching quantity meets a threshold condition
of the re-projection matching.

6. The cloud-edge-end cooperative control method of a
SG networked UAV for security rescue according to claim 5,
further comprising:

terminating the bundle adjustment-based map optimiza-

tion, and updating the key frame of the co-visibility
graph corresponding to the current frame;

updating an attitude of the key frame of the co-visibility

graph by using an attitude of the current frame esti-
mated based on the loopback frame;

according to the attitude information of the updated key

frame, correcting the current frame and the map point
corresponding to the key frame of the co-visibility
graph corresponding to the current frame, and updating
the key frame of the co-visibility graph corresponding
to current frame; and

optimizing an essential graph, starting the bundle adjust-

ment-based map optimization again, updating the poses
of all the key frames, and continuously updating all the
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map points by using the poses of the optimized key
frames to generate a sparse landmark map.

7. The cloud-edge-end cooperative control method of a
5G networked UAV for security rescue according to claim 6,
turther comprising;:

when a pose of a new key frame 1s generated, determining

a position of a projection point via epipolar line search
and block matching

computing a depth and uncertainty of a triangulated

position of the projection point according to a geomet-
ric relationship; and
fusing a result of the computing of the depth and uncer-
tainty with a previous depth information recovery result
to obtain recovered depth information, and stopping
computation when the recovered depth immformation 1s
converged, or returning to B when the recovered depth
information 1s not converged.
8. The cloud-edge-end cooperative control method of a
SG networked UAV for security rescue according to claim 6,
turther comprising;:
inputting the three-dimensional dense map into a pre-
trained neural network to obtain a feature map;

presetting an ROI for each point in the feature map and
sending the ROI to an RPN network for binary classi-
fication and BB regression, and filtering out some of
candidate ROIs to obtain a target ROI;

matching the three-dimensional dense map with pixels of

the feature map, and then matching the feature map
with fixed features; and

performing N-category classification, BB regression, and

MASK generation on the target ROI.
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